PCT/GB01/01581 

PA-^-'^NT COOPERATION TREAr 


From the INTERNATIONAL BUREAU 


PCT 

NOTIFICATION OF ELECTION 
(PCT Rule 61.2) 

To: 

Commissioner 

US Department of Commerce 
United States Patent and Trademark 
Office, PCT 

2011 South Clark Place Room 
CP2/5C24 

Arlington, VA 22202 
ETATS-UNIS D'AMERIQUE 

In Its capacity as elected Office 

Date of mailing (day/month/year) 

18 December 2001 (18.12.01) 


International application No. 
PCT/GB01/01581 

Applicant's or agent's file reference 
XA1227 

International filing date (day/month/year) 

06 April 2001 (06.04.01) 

Priority date (day/month/year) 
06 April 2000 (06.04.00) 

Applicant 

GOOCH, Richard, Michael et a! 


1 . The designated Office is hereby notified of its election made: 

I X I in the demand filed with the International Preliminary Examining Authority on: 
29 October 2001 (29.10.01) 

I I in a notice effecting later election filed with the International Bureau on: 


2. The election I X was 


was not 


made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b}. 


The International Bureau of WlPO 

Authorized officer 


34, chemin des Colombettes 

Juan CRUZ 


1211 Geneva 20, Switzerland 


Facsimile No.: (41-22) 740.14.35 

Telephone No.: (41-22) 338.83.38 


Form PCT/IB/331 (July 1992) 


GB0101581 


(12) INTERNATIONAL APP 


HON PUBLISHED UNDER THE PATENT 


ERATION TREATY (PCT) 


(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
18 October 2001 (18.10.2001) 



PCT 


(10) International Publication Number 

wo 01/76943 Al 


(51) International Patent Classification^: B64F 5/00, 

GOIB 11/00 

(21) International Application Number: PCT/GBO 1/01581 


(22) International Filing Date: 

(25) Filing Language: 

(26) Publication Language: 


6 April 2001 (06.04.2001) 
English 
English 


(30) Priority Data: 

0008302.2 


6 April 2000 (06.04.2000) GB 


(71) Applicant (for all designated States except US): BAE 
SYSTEMS PLC [GB/GB]; Warwick House, P.O. Box 87, 
Famborough Aerospace Centre, Famborough, Hampshire 
GU14 6YU(GB). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): GOOCH, Richard, 
Michael [GB/GB]; 9 Eversley Road, Suibiton, Surrey KT5 
8BG (GB). WALKER, Carol, Anne [GB/GB]; 21 Per- 
rys Lea, Bradley Stoke, Bristol BS32 OEE (GB). ANDER- 
SON, John, Stewart [GB/GB]; 5 Cranside Avenue, Red- 
land, Bristol BS6 7AA (GB). 


(74) Agent: FLETCHER WATTS, Susan, Jane; Bae Sys- 
tems pic. Group IP Dept., Lancaster House, P.O. Box 87, 
Famborough Aerospace Centre, Famborough, Hampshire 
GUM 6YU (GB). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EE, ES, H, GB, GD, GE, GH, GM, 
HR, HU, ID, IL, IN, IS, JP, KE. KG, KP, KR, KZ. LC, LK, 
LR. LS, LT, LU, LV, MA, MD. MG, MK, MN, MW, MX, 
MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG. SI, SK, SL, 
TJ, TM, TR, TT, TZ, UA, UG, US. UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM. 
KE, LS, MW, MZ, SD, SL, SZ. TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 


(54) Title: ASSEMBLY METHOD 



1c 



■//X/-z/.////y/././/y<A 



( \ 

1 40 


< 

^ (57) Abstract: A method of locating an assembly point (P) on a first part (40), at which assembly point the first part is to be joined 
^ to a second part (1), the method comprising the steps of: determining an assembly location (la, lb, Ic, Id) in respect of the second 

part; measuring a portion (42a, 42b, 42c) of a surface (43) of the first part, the surface being spaced away from the second part, so 
^5 ^ *o define the position and orientation of the surface; and, calculating the assembly point on the surface of the first part, where the 

surface of the first part is intersected by a vector (N) passing between the determined assembly location and the surface of the first 
1^ part. 
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ASSEMBLY METHOD 

The present invention relates to a method of locating assembly points in an 
assembly process, particularly but not exclusively, a method of marking out drilling 
5 locations in an industrial assembly process, such as aircraft assembly. 

In conventional large scale assembly processes such as are employed in the aircraft 
industry, or dockyards, there is a frequent requirement to fix parts to large structures. 

10 In the case of aircraft assembly, for example, a wing box for a wing of a large 
passenger liner may be up to 30 meters in length. Because of the great size of the 
structure, measuring a position on the structure to a high degree of accuracy is 
difficult to achieve. When a wing skin is to be fixed to such a wing box, and the two 
are clamped together prior to fixing. It is essential to detemnine accurately from the 

15 wing skin side of the structure where to drill attachment holes thn^ugh the wing skin 
and into the supporting feet of a rib of the wing box. 

This process is conventionally achieved in several separate operations. Firstly, guide 
holes of a smaller than final diameter may be drilled in the rib feet in the desired 

20 locations, prior to offering up the wing skin. Secondly, with the wing skin in place, 
pilot holes are drilled from inside the wing box outwards through the wing skin, in a 
process known as "back drilling". Thirdly, using the pilot holes, the position of the pre- 
drilled guide holes in the rib feet are estimated. Finally, drilling of assembly holes 
firom the outside of the wing skin through the wing skin and into the supporting rib 

25 feet may t>e commenced. 

However, if the orientation of a guide hole, with respect to the local wing skin surface, 
is estimated insufficiently accurately, the assembly hole may not fully circumscribe 
the guide hole drilled in the rib foot. This results in a "pipped" hole. Consequently, it 
30 may be necessary to re-drill the hoi using an oversized drill bit, in order to rectify the 
"pipped" hole. However, where the structure being assembled is a stressed 
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structure, the effect of oversized drilling may give rise to a reduced service life of the 
structure. 

Therefore, there is a need for a method of accurately maricing out assembly 
5 locations, which overcomes one or more of the disadvantages of the prior art system. 


According to a first aspect, the invention resides in a method of locating an assembly 
point on a first part, through which the first part is to be joined to a second part, the 
method comprising the steps of: determining an assembly location In respect of the 

10 second part; the method being characterised by the steps of: measuring a portion of 
a surface of the first part spaced away from the second part so as to define the 
position and orientation of the surface; calculating the assembly point on the surface 
of the first part, where the surface of the first part is intersected by a vector passing 
between the detennined assembly location and the surface of the first part; and, 

15 indicating the calculated the assembly point on the surface of the first part. 


Advantageously, the present invention gives rise to an effective method of accurately 
identifying the correct point through which a first part is to be fixed to, or assembled 
with a further part. Using a method of the invention, an assembly hole, for example, 
20 may be drilled at the correct location and angle on the surface of the first part so that 
the assembly hole passes accurately through a chosen assembly point of the further 
part at the desired angle. Thus, the method of the present invention reduces the 
possibility of inaccurate drilling, or other fixing process, which might othen^/ise cause 
defects in the parts being fixed, or potentially cause them to be scrapped. 

25 

Furthermore, the invention allows the time required for completing an assembly 
processes to be reduced, since by using the method of the invention there is no 
reliance on "back drilling" in order to identify the conrect assembly point on the first 
part. 

30 

According to a s cond aspect, the invention resid s In a method of locating an 
assembly point on a first part, through which the first part is to be joined to a 
second part, the method comprising the steps of: determining an assembly 
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location in respect of the second part; offering up the first part for assembly with 
the second part, the first part overlying the determined assembly location; the 
method being characterised by the steps of: measuring a portion of a surface of 
the first part spaced away from the second part so as to define the position and 
5 orientation of the surface; calculating the assembly point on the surface of the first 
part, where the surface of the first part is intersected by a vector passing between 
the determined assembly location and the surface of the first part; and, indicating 
the calculated the assembly point on the surface of the first part. 

10 The method may further comprise the step of determining a reference position fixed 
relative to the second part. Optionally, the steps of determining the assembly location 
and measuring and determining the reference position are performed by a 
measuring device located in a first position, and the steps of measuring and 
determining the reference position and step of measuring a portion of a surface of 

15 the first part is perfomned by the or another measuring device in a second position. 
The steps of measuring from the first and second positions may be performed 
subsequent to the ftjrther step of offering up the first part for assembly with the 
second part, the first part overiying the determined assembly location. 

20 Preferably, the present invention is implemented using a non-contact technique or 
device, such as a laser tracker, in order to define the positions of assembly points on 
the second part It is also preferable that, the same device such as a laser tracker is 
used in order to: measure the position and orientation of the first part when overiying 
the second part; to calculate the position of the assembly points on the surface of the 

25 first part; and, to indicate their calculated positions. 

Advantageously, this gives rise to the ability to rapidly, and in a single operation, 
identify and store in a memory associated with the device, such as a laser tracker, 
the positions of many locations on one of the parts to t>e assembled. Thus, the speed 
30 of the assembly operation may be greafly increased over that of prior art methods. 
Furthermore, the positions and orientations measured in one step of the method may 
easily be used in subsequent steps of the method, further increasing tiie accuracy 
and speed of operation. 
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Optionally, at least one measuring step or the step of Indicating is performed by a 
measuring device of known position. Conveniently, the step of detemiining an 
assembly location further comprises the step of measuring the vector and the 
5 distance to a datum position associated with the second part from a measuring 
device of known position and determining the position of the assembly location 
relative to the measured datum position using stored CAD data. 

Optionally, the method further comprises the step of verifying that the position and 
10 orientation of the surface of the first part relates in a predetermined manner to the 
position and orientation of the surface of the second part local to the determined 
assembly location. 

The step of determining the assembly location may be carried out using a retro- 
15 reflector supported relative to a guide hole located in the second part. 

The at least one measuring step or the step of indicating may be carried out using a 
non-contact technique. Advantageously, the at least one measuring step or the step 
of indicating may be carried out using a laser tracker device. 

20 

Optionally, the method further comprises the step of drilling an assembly hole at the 
indicated assembly point. 

The method may further comprise the step of welding at the indicated point. 

25 

The present invention also extends to products manufactured by the process of the 
present invention, such as multi-component stmctures, aircraft, wings for aircraft and 
marine stmctures such as ship hulls. Furthenmore, the present invention also 
extends to a computer program and a computer program product which are arranged 
30 to implement the system of the present invention. 

Other aspects and embodiments of the invention, with corresponding objects and 
advantages, will be apparent from the following description and claims. A specific 
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embodiment of the present invention will now be described by way of example only, 
with reference to the accompanying drawings, in which: 

Figure 1 is a schematic perspective view of a foot of a wing box rib prior to 
assembly with a wing skin; 
5 Figure 2 shows a side view of a retro-reflector supported by an adapter 
positioned in a pre-drilled guide hole in the rib foot of Figure 1 ; 

Figure 3 shows a schematic perspective view of the supporting surface of the rib 
foot of Figure 1 with the surface plane of the rib foot defined; 

Figure 4 shows a fragmentary view of the outer surface of a wing skin, offered up 
10 in position for fixing to the rib foot of Figure 1 prior to being drilled; 

Figure 5 shows a schematic perspective view of Figure 4, where the underiying 
rib foot is also shown, with a drill point on the wing skin being indicated; 

Figure 6 shows a schematic perspective view of a rib foot In place against a wing 
skin prior to being attached to the wing skin from a position behind the wing skin; and 
15 Figure 7 shows a schematic perspective view of Figure 6, but from a position in 
front of the wing skin, the position of the now-hidden rib foot also being indicated. 

Referring to Figure 1 , a single rib foot 1 of a rib of an aircraft wing box is illustrated. 
The upper surface 3 of the rib foot 1 is planar. As can be seen from the figure, four 

20 guide holes 1a, 1b. 1c and 1d have been drilled in the rib foot 1 in the desired 
locations of the final assembly holes, used for securing the wing skin. The guide 
holes la-Id are drilled using a conventional drilling block (not shown) which is used 
to ensure that the guide holes are drilled perpendicular to the surface 3 of the rib foot 
1. The diameter of the guide holes la-Id are drilled to a dose tolerance. This 

25 ensures that their location may be accurately established prior to offering up the wing 
skin (not shown), as is descrit>ed below. 

Establishing the posittons of the guide holes 1a-1d is achieved in this embodiment 
using a laser tracker device and retro-reflector, or comer cube, system. The laser 
30 tracker may be the Leica LTD500, which is available with suitable retro-reflectors and 
suitable operating software such as "AXYZ" from Leica Geosystems Ltd.. Davy 
Avenue. Knowlhill. Milton Keynes. MK5 8LB. UK. 
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As is well known in the art of metrology, a laser tracker device is able to measure a 
position in three dimensions, measured in terms of azimuth elevation and distance, 
using a steerable minor and a laser interferometer distance measurement system. 

5 The position measured by the laser tracker is defined by the location of a retro- 
reflective target, known as a retro-reflector or comer cube, which reflects light 
incident on the target by 180°, both in terms of azimuth and elevation, independently 
of its angle of incidence. As is well known in the art. the retro-reflector is set in a 
mount having a spherical outer surface. Thus, knowledge of the diameter of the 

10 retro-reflector and mount allows the distance between the laser tracker and the 
centre of the retro-reflector to be correctly calculated. 

Referring to Figures 2 and 3, the method of establishing the positions of each of the 
guide holes 1 a-1d in the present embodiment will now be described. 

Prior to measuring the positions of the holes 1a-1d. the wing box is rigidly secured in 
a suitable jig, such that it is not free to move, or subject to changing ambient 
conditions. This ensures that the positions and orientations of the guide holes 1a-1d 
are fixed and stable and will not vary during the implementation of the method of this 
embodiment. 

The laser tracker (not shown) is also set up in a measurement station, ensuring that 
its position and datum orientation do not vary with respect to the wing box. 
Additionally, the laser tracker is set up such that it has a direct line of sight to each of 
25 the port:ions of interest of the wing box. 

As can be seen from Figure 2, an adapter 21 is located in hole 1a of the rib foot 1. 
The adapter 21 consists of a pin 21a and a cup 21b. The pin 21a is accurately 
machined to be cylindrical in fonm and be a close fit in the guide hole la. Thus, the 
30 adapter is arranged to be received by the guide hole 1a to a predetermined depth. 
The cup 21b of the adapter 21 is accurately formed to hold a retro-refl ctor 22 of 
corresponding diameter in a set position relative to the pin 21a. 


15 


20 
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Thus, when a retro-reflector 22 is positioned in the adapter cup 21 b, the centre of the 
retro-reflector 22 is located a known distance "d" frorri the surface 3 of the rib foot 1 
and Is located on the line of the longitudinal axis of the hole la, i.e. the retro-reflector 
22 is located centrally over the guide hole 1a. 

5 

Using the laser tracker (not shown) in tracker mode, the retro-reflector 22 is moved 
from its calibrated datum position on the laser tracker (known as the bird bath) until it 
is located in the cup 21 b of the adapter 21 as shown in Figure 2. The position of the 
retro-reflector 22. as measured by the laser tracker, is then recorded. This may be 
10 done either using the point measurement mode on a laser tracker such as the 
LTD500, or manually. 

This point in 3D space is indicated relative to hole la in surface 3. in Figure 3. and is 
referenced la*. 

15 

It will be appreciated that the recorded position of la' (i.e. that of the centre of the 
retro-reflector 22) is a known distance nomnal to the surface 3 of the rib foot 1 (shown 
in Figure 1), positioned along the longitudinal axis of the hole la. This distance "d" 
shown in Figures 2 and 3 corresponds to the distance between the base of the 
20 adapter cup 21b contacting the retro-reflector 22 and the surface 3 plus the radius of 
the retro-reflector 22. 

It will also be appreciated that the position of the point la' is measured to three 
degrees of freedom only. That is to say that it gives no infomiation on the orientation 
25 of the hole la in the surface 3. relative to the measured point 1a'. However, by 
repeating the above procedure with two fiirther rib foot holes, in this case holes lb 
and 1c, as shown in Rgure 3, two further equivalent points lb' and 1c' are tocated. 
The three points 1a'-1c' define a plane 30 in which each measured point is tocated, 
which is parallel to surface 3 of the rib foot 1 . 

30 

The plane 30 is offset in a known direction from the surface 30 of rib foot 1 by 
distance "d", as explained above. Thus, the orientations as well as the positions of 
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the holes 1a-1c may be calculated, being located a given distance, "d". from their 
respective measured points 1a'-1c* in a known direction normal to plane 3. 


The position and orientation of the remaining hole Id may then also be calculated in 
s a similar manner. 

It will be appreciated that the plane 30 may alternatively be derived by measuring the 
positions of four or more holes in the same manner as described above and using a 
least mean squares algorithm to define the plane 30. 

10 

Furthermore, in the event that the surface 3 is non-planar it would also t>e possible to 
generate a non-planar surface equivalent to claim 30 by measuring a large number 
of positions on the surface. A surface could then be fitted to the measured positions 
using a conventtonal mathematical method. From such a non-planar surfece. 
IS positions and orientations of the guide holes 1a-1d may be established as descrit>ed 
above. 


When the position and orientation of each guide hole required has been established, 
the wing skin may be offered up and clamped in place relative to the wing box in a 
20 conventional manner, for assembly. During the offering up procedure, the combined 
wing boxAAfing skin structure should be held fixed and stable. 

When the wing skin is clamped in position, the wing skin may be assumed to be 
locally planar where it overiies each rib foot However, as the wing profile is cun^ed. 

25 the orientation of the outwanj surfece (surface 3 of the rib foot 1 ) of two given rib feet 
may not be co-planar. Thus, in order to drill through the wing skin coaxially with a 
given guide hole behind the wing skin, the orientation of the rib foot, or local wing 
skin surface must be allowed for. Additionally, the thickness of the wing skin alters 
the apparent drilling point on the wing skin where tiie maridng out method views th 

30 drilling point from a position which is not on the longitudinal axis of the relevant gukJe 
hole. 
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Referring to Figures 4 and 5, the process of locating drilling locations on the outside 
of the wing skin which allows for drilling coaxially with the guide holes 1a-1d, taking 
into account the thickness and orientation of the wing skin surface will now be 
described. 

5 

Figure 4 shows schematically a fragmentary perspective view of the upper surface 
40a of a wing skin 40. offered up to the wing box and overiying rib foot 1 (not shown), 
prior to drilling the assembly holes. 

10 In the same manner as previously described for finding the positions and orientations 
of holes 1 a-1d, the equation of the plane defined by the outer surface 40a of the wing 
skin 40 locally overiying the rib foot 1 is determined. That is to say, using the laser 
tracker in tracker mode, the retro-reflector 22 is moved from it calibrated datum 
position to a position contacting the surface 4da of the wing skin 40 overiying the rib 

15 foot 1, where a point measurement Is taken, as previously described. This point is 
referenced 42a in Figure 4. To this end, as the laser tracker has stored the position 
of the holes 1a-1d in the rib foot 1, It can be used to indicate a first approximate 
position of the outer surface 40a of the wing skin 40 that overiies the rib foot 1 . 

20 Two or further point measurements, referenced 42b and 42c, are taken on the same 
region to define three or more non-collinear points defining a plane 43 offset from the 
wing skin surface 40a, as shown in Figure 4. 

The local planar surface of the wing skin 40 lies parallel to, and is offset from, the 
25 plane 43 in a known direction by the radius V of the retro-reflector 22. 

Thus, the equation of the plane 43, defining the outside surface 40a of the wing skin 
40, can be defined using standard geometrical techniques. 

30 The equation of the plane 43 is then compared to the equation defining the plane 3 
of the supporting surtece of the rib foot 1 . If the wing skin has been conrectiy offered 
up for fixing, the two planes should be parallel, offset by the thickness of the wing 
skin. If this is not the case (i.e. "gapping" has occun^ed between the rib foot 1 and the 


wo 01/76943 


PCT/GBOl/01581 


-lo- 
wing skin) and the discrepancy lies outside the acceptable tolerance, the process of 

offering up may be repeated. 

Having defined the equation to the plane 43, and verified that the process of offering 
5 up has been correctly carried out, the drilling points to be marked in the upper 
surface 40a of the wing skin 40 are calculated. This is done in the following manner. 

Referring to Figure 5, a schematic perspective view of the wing skin 40 of Figure 4 is 
illustrated, together with the supporting rib foot 1. For each guide hole 1a-1d. a vector 
10 is calculated, using standard geometric techniques, which passes through the centre 
of the guide hole along its longitudinal axis, and is normal to the local surface of the 
wing skin; I.e. plane 43, as is shown in Figure 4. This vector, for hole 1a is illustrated 
by arrow "N" in Figure 5. 

15 Where the vector ''N" intersects the plane 43, a drilling point is defined on the wing 
skin surface 40a. Again standard geometric techniques are used to calculate the 
intersection of the plane 43 by the vector "N". This point is referenced "P" in Figure 5. 
Additionally, vectors (not shown) are computed from the laser tracker location, 
passing through each drilling point "P". 

20 

The laser tracker is then used to orientate the laser along each of these calculated 
vectors in turn, so that the laser falls on the projected location "P" for each drilling 
point which has been calculated. 

25 An operator may then mark with a pencil cross, or using another suitable meriting 
method, the drilling points, as indicated by the projected laser spot. 

Finally, a drilling operation is undertaken to drill at an angle normal to the local wing 
skin surface, through the wing skin at each marked drilling point. This is achieved 
30 using a conventional drilling block as previously described. 

When th wing skins have been assembled with the wing box, using the method of 
the present embodiment, to fonm a completed wing assembly, two such wing 
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assemblies may be mounted on an aircraft fuselage, to form an aircraft in the 
conventional manner. 

It will be appreciated that in the present embodiment, instead of establishing the 
5 equation of the plane of the outer surface of the wing skin locally overlying each rib 
foot using a point measurement mode, it is possible to use the laser tracker in 
continuous mode (where many position measurements are made every second), 
tracking a retro-reflector which Is held continuously in contact with the outer surface 
of the wing skin and "zig-zagged" across the surface. Thus, it is possible to obtain 
10 rapidly enough measurements to determine the position and orientation of any part 
of a iaipe portion of the outer surface of the wing skin in one operation. Then, as 
previously described, vectors may be calculated from the centre points of each guide 
hole, normal to the local surface of the wing skin. 

IS It will also be appreciated that it is not necessary to calculate the orientation as well 
as the position of points 1a-1d in order to implement the inventton, since a point 
known to three degrees of freedom is sufficient in order to determine the vector "N" 
which passes through that point and intersects the wing skin at an angle normal to 
the local wing skin surface. However, by calculating the orientation as well as the 

20 position of the points la-Id, a check that the surface 3 of rib foot 1 and the surface 
40a of the wing skin are co-planar may be made, as descrit)ed above. Thus, it is 
possible, using the method of the present embodiment, to verify that the wing skin 
has been correctly offered up to the wing box prior to assembly. 

25 Alternatively, the present invention may be used according to a second embodiment 
to marie out positions on a wing skin 40 corresponding to the underiying holes 1a-1d 
in a rib foot 1 where the wing skin 40 has previously been offered up to the rib foot 1. 
Referring to Figures 6 and 7, the laser tracker is positioned to the rear of the rib foot 
1 in a finst location. At this point, the wing skin 40 has already been offered up to the 

30 rib foot 1 and so is in situ. The adapter 21 and retro-reflector 22 are subsequentiy 
moved between three reference positions 50a-50c ttiat are visible both from in front 
of ttie rib foot 1 in the direction marked "A" and b hind the rib loot 1 in th directton 
mariced "B". The tiiree reference positions 50a-50c are measured by the laser tracker 
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in the same manner as previously described for the first embodiment and used to 
define a reference frame 51 as follows. 

The first reference position 50a is taken to be the origin of a reference coordinate 
5 system defining the reference frame 51. The vector between the first reference 
position 50a and the second reference position 50b (Vab) is calculated and taken as 
the x*axis of the reference coordinate system. The third reference position 50c will lie 
somewhere on the xy-plane of the reference coordinate system, so the vector 
between the first reference position 50a and the third reference position 50c is 
10 calculated (Vac) and the cross product of Vab and Vac calculated. By definition, the 
cross product must give a vector defining the z-axis of the reference coordinate 
system. Finally, the y-axis is calculated by taking the cross product of the z-axis and 
X-axis. 

15 The coefficients of the x-. y- and z-axes are then nomialised to produce unity vectors 
and a first 4x4 matrix is fomned that comprises the unity vectors of the x-, y- and z- 
axes in the first three rows of the first three columns, the fourth column comprising 
the coordinates of the first reference position 50a (the origin). The first three columns 
of the fourth row are set to zero and the fourth column of the fourth row is set to 

20 unity. This first 4x4 matrix can now be used to convert any position measured by the 
laser tracker from its first position into a position within the reference coordinate 
system. 

With the first 4x4 matrix defined, the adapter 21 and retro-reflector 22 are then 
25 placed in one or more of the holes 1a-1d in the rib foot 1 and their positions 52 
measured by the laser tracker. As before, the position 52 measured by the laser 
tracker is the position of the centre of the retro-reflector, and this position is a 
distance ''d" firom the back surface of the rib foot on the desired hole axis. If required, 
the first 4x4 matrix relating the first laser tracker position to the reference coordinate 
30 system could be used to define the measured hole positions la-Id with respect to 
the ref rence coordinate system. 
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The laser tracker is then moved to the front of the rib foot 1 to a secx)nd position. 
From this second laser tracker position, the rib foot 1 is hidden behind the wing skin 
40. The adapter 21 and retro-reflector 22 are moved between the same three 
reference positions 50a-50c which still define the same reference frame 51 . and their 

5 positions meaisured by the laser tracker in the same way. The same process 
described above is performed to define the reference coordinate system, and a 
second 4x4 matrix formed as described above. In this case, the second 4x4 matrix 
relates the positions measured by the laser tracker in the second position to the 
reference coordinate system rather than relating the positions measured by the laser 

10 tracker in the first position to the reference coordinate system, a function the first 4x4 
matrix performs. 

The positions of the holes la-Id of the rib foot 1 that the laser tracker measured from 
its first position behind the rib foot 1 and wing skin 40 can now be calculated relative 

15 to its new second position in front of the rib foot 1 and wing skin 40. This is achieved 
by forming a third 4x4 matrix relating the hole positions measured in the first laser 
tracker position to hole positions relative to the second laser tracker position: this 
third 4x4 matrix is formed by multiplying the second 4x4 matrix with the inverse of the 
first 4x4 matrix. The positions of the holes measured in the first laser tracker position 

20 are then pre-multiplied by the third 4x4 matrix (by forming a four element matrix 
containing the x-, y- and z-positions of the measured positions, with the fourth 
element set to unity) to obtain the positions of the holes relative the second laser 
tracker position. 

25 The required positions on the outer surface 40a of the wing skin 40 corresponding to 
each measured hole 1a-1d are indicated in turn as follows. It should be remembered 
that these points are geometrically connected to the measured hole position by a line 
that extends perpendicular to the outer surface 40a of the wing skin 40. 

30 The retro-reflector 22 is moved from the laser tracker bird bath and placed in contact 
with the outer surface 40a of the wing skin 40 and rubbed over th outer surtece 40a. 
The laser tracker continuously tracks th retro-reflector 22 and software continuously 
calculates the distance from the retro-reflector position to the hole position and 
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displays this distance on a display. The retro-reflector 22 is manually rubbed across 
the surfeice so that this distance is minimised. The minimised position is then set as 
the origin for a local coordinate system that will reflect the local skin cun^ature. As the 
minimum distance has been found, this origin will be on a perpendicular line from the 
5 outer surface 40a of the wing skin 40 that passes approximately through the hole 
position (i.e. the centre of the hole 1 a-1 d at the rear plane of the rib foot 1 ). However, 
the origin may still fall outside of an acceptable tolerance for accuracy the local 
curvature of the outer surface 40a of the wing skin 40 is relatively small. 

An improved position is found by using local coordinate system. This is defined by 
moving the retro-reflector 22 a short distance (say 10 mm) in a direction 
corresponding to the desired x-axis of the local coordinate system. The position is 
measured, a vector from the origin calculated and this then deflnes the x-axis. An 
approximate y-axis defining the xy-plane and not the true orthogonal y-axis Is defined 
in the same way. The x-axis and approximate y-axIs need not be orthogonal.. Th 
local coordinate system is then calculated using the local origin and the local x-axis 
and approximate y-axis in the same way that the reference coordinate system was 
calculated eariier This local coordinate system embodies the local curvature of the 
outer surface 40a of the wing skin 40 by definition. In a manner analogous to those 
described above, positions known relative to the laser tracker's second position can 
be transformed into the local coordinate system. 

The required position on the outer surface 40a of the wing skin 40 is found by placing 
the retro-reflector 22 against the outer surface 40a once more and nibbing the retro- 
25 reflector 22 over the outer surface 40a. The laser tracker, which remains in its 
second position, takes a measurement of the position of the retro-reflector 22 every 
50 ms and, for each new reading, resets the origin of the local coordinate system to 
the new position and recalculates the local coordinate system transfomnation 
accordingly. This is done simply by translating the old origin to the new origin 
30 position. It is assumed that the cun/ature of the outer surface 40a of the wing skin 40 
remains flat over the local area, thereby obviating the need for any rotation of tiie 
local coordinate frame axes with the translation. 


15 
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The hole position previously measure at the first laser tracker position is then 
transfomned into the local coordinate system: if the retro-reflector 22 is at the connect 
position, the transformed hole position will have zero x and y coordinates, being 
displaced only in the perpendicular z direction. Otherwise, the x and y coordinates 

5 indicate the distance in x and y that the retro-reflector 22 is away from the desired 
point This distance information can either be displayed so that the retro-reflector 22 
can be manually moved to the desired point or, if the retro-reflector 22 is being held 
in a motorised table, can be used to drive the retro-reflector 22 to the desired point. 
The desired point may then marked on the outer surface 40a of the wing skin 40. 

10 Alternatively, an operation such as drilling may be performed straight away at that 
location. For example, where the retro-reflector 22 is being held in a motorised table, 
the retro-reflector 22 may be removed and a drill bit used to drill at that location using 
a drill block. The drill will thus enter the outer surface 40a of the wing skin 40 
perpendiculariy and at a point that ensures it will emerge from the rear of the rib foot 

15 1 through the exact centre of the con-esponding hole 1 a-1 d. 

It will be understood that the calculations described above in relation to the second 
embodiment of the invention could equally well be used in the first embodiment of 
the invention. 

20 

It will be clear from the foregoing that the above described embodiments are merely 
examples of how the invention may be put into effect. Many other alternatives will be 
apparent to the skilled person which are within the scope of the present invention. 

25 For example, although the above embodiments have been described with reference 
to a method of marking out the locations for drilling, it will be appreciated that it may 
also be used in conjunction with various other assembly methods, such as welding. 

Furthermore, although in the above emtx>diments guide holes were drilled in order to 
30 obtain position information as to where the assembly holes subsequently drilled 
through the wing skin should be located, other methods of achi ving this function 
may instead be mployed. For example, instead of using an adapter to locate a 
retro-reflector at a known offset from a guide hole, "land finders" or jigs, supporting a 
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retro-reflector in a position with a l<nown correspondence to a desired drilling location 
could be temporarily held in a predetermined position in relation to the rib feet. In this 
manner, the guide hole drilling operation may be dispensed with, thus obviating the 
possibility of causing "pipped" holes and reducing the time taken to complete the 
s assembly operation. 

Additionally, an operator may take measurements with the laser tracker of a 
reference coordinate system prior to the assembly operation. This allows the 
operator the possibility of repeating the measurement of the reference coordinate 
system during the assembly operation in order to verify that neither the tracker, nor 
the assembly has moved from their initial positions. Furthermore, by doing this, a 
single tracker may be moved between several measurement stations and 
subsequently brought back to an eariier measurement station in order to cover a 
large assembly process. In such a process, the difference in location between 
measurement stations of the laser tracker may be detected using known datum 
positions and thus compensated for. This may be required in the assembly operation 
of a large structure, for example an aircraft or ship. 

The skilled reader will realise that the present invention may also be implemented 
20 using CAD data for the parts to be assembled. In such an embodiment, for a non- 
compliant structure it is only necessary to measure selected datum locations relative 
to a first part prior to the offering up the second or further parts for fixing. The CAD 
data may then be used to determine the assembly locations on the first part relative 
to the located datum points, without requiring each assembly point to be individually 
25 measured. Furthermore, by measuring further datum locations relating to the part or 
parts offered up to the first part for fixing, CAD data may be used in order to define 
the surface position and orientation of the parts offered up. Thus, by using CAD data, 
the number of measurement which are required to be made may be greatly reduced, 
thus reducing the time required to carry out Vne process. 

30 

The skilled read r will also appreciate that the present inv ntion may also be put into 
effect using metrology equipment other than a laser tracker. For example, in a given 
application, if the distances being measured and the accuracy required pemnits. a 


10 


15 
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laser striper may instead be used, or indeed any measurem nt technique using a 
programmable laser pointer, or equivalent device. Such an implementation of the 
present invention may provide a cost and time efficient method of marking out 
assembly locations in industries where typically the component sizes, and hence 
5 measurement distances, are reduced. For example, the automobile industry. 
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CLAIMS 

1. A method of locating an assembly point (P) on a first part (40). at which 
assembly point the first part is to be joined to a second part (1), the mettiod 
comprising the steps of: 

5 measuring and determining an assembly location (1a, 1b, 1c. 1d) in respect of 
the second part; 

measuring a portion (42a, 42b, 42c) of a surface (43) of the first part, the 
surface being spaced away from the second part, so as to define the position and 
orientation of the surface; and 
10 calculating the assembly point on the surface of the first part, where the 
surface of the first part is intersected by a vector (N) passing between the 
determined assembly location and the surface of the first part. 

2. A method of locating an assembly point (P) on a first part (40). through which 
15 the first part is to be joined to a second part (1), the method comprising the steps 

of: 

determining an assembly location (la, lb, 1c, Id) in respect of the second 
part; 

offering up the first part for assembly, with the second part, the first part 
20 overlying the determined assembly location: 
the method being characterised by the steps of: 

measuring a portion (42a, 42b, 42c) of a surface (43) of the first part spaced 
away from the second part so as to define the position and orientation of the 
surface; 

25 calculating the assembly point on the surface of the first part, where the 
surface of the first part is Intersected by a vector (N) passing between the 
determined assembly location and the surface of the first part; and 

indicating the calculated the assembly point on the surface of the first part 

30 3. A method according to dalm 1, further comprising th step of determining a 
reference position fixed relative to the second part. 
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4. A method according to claim 3, wherein the steps of determining the assembly 
location and measuring and detenmining the reference position are performed by a 
measuring device located in a first position, and the steps of measuring and 
determining the reference position and step of measuring a pprtion of a surface of 

5 the first part is performed by the or another measuring device in a second position. 

5. A method according to claim 4, wherein the steps of measuring from the first 
and second positions are perfomried subsequent to the further step of offering up 
the first part for assembly with the second part, the first part overiying the 

10 determined assembly location. 

6. A method according to any preceding daim, wherein at least one measuring 
step or the step of indicating is performed by a measuring device of known 
position. 

15 

7. A method according to daim 6. wherein the step of detemriining an assembly 
location further comprises the step of measuring the vector and the distance to a 
datum position associated with the second part from a measuring device of known 
position and determining the position of the assembly location relative to the 

20 measured datum position using stored CAD data. 

8. A method according to any preceding claim, further comprising the step of 
verifying that the position and orientation of the surface of the first part relates in a 
predetermined manner to the position and orientation of the surface of the second 

25 part local to the determined assembly location. 

9. A method according to any preceding claim, wherein the step of detemiining 
the assembly location is carried out using a retro-reflector supported relative to a 
guide hole located in the second part. 

30 

10. A method according to any preceding claim, wherein at least one measuring 
step or the step of indicating is carried out using a non-contact technique. 
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11. A method according to claim 10, wherein at least one measuring step or the 
step of indicating is carried out using a laser tracker devic . 

12. A computer program comprising program code means for performing the 
5 method steps of measuring, calculating and indicating as defined in any one of 

claims 1 to 1 1 when the program is run on a computer and/or other processing 
means associated with suitable measuring and indicating means. 

13. A computer program product comprising program code means stored on a 
10 computer readable medium for performing the method steps of measuring, 

calculating and indicating as defined in any one of claims 1 to 11 when the 
program is run on a computer and/or other processing means associated with 
suitable measuring and indicating means. 
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□ filed together with the intemational application in computer readable form. 

□ furnished subsequently to this Authority in written form. 
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□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the intemational application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been fumished. 
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□ the claims, Nos.: 
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This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report,) 


6. Additional obsen/ations, if necessary: 


V. Reasoned statement under Article 35(2) with regard to novelty, Inventive step or Industrial applicability; 
citations and explanations supporting such statement 


1. Statement 
Novelty (N) 

Inventive step (IS) 


Yes: Claims 1-13 

No: Claims 

Yes: Claims 1-13 

No: Claims 


Industrial applicability (lA) Yes: Claims 1-13 

No: Claims 


2. Citations and explanations 
see separate sheet 


VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 


VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Point V, 2 

1 . Claim 1 (see also Point VIII): 

1.1 The closest prior art is regarded as being the assembly method described on 
pages 1 and 2 of the description and comprised in the first 5 lines of claim 1 ; the 
disclosure of GB 2 276 600 corresponding to this 1 although with only scant 
description of how the drilling operation is carried out. 

The subject-matter of claim 1 is therefore new (Article 33(1) and (2) PCT). 

1 .2 The known method(s) of locating assembly points (such as drilling a location) 
involve a significant amount of working steps and disadvantages when employed 
with large structures (such as an aircraft wing). In particular, the alignment of . 
(e.g.) two rivet holes on first and second parts overlying each other is difficult to 
achieve because size of the structure renders accurate measurement of the 
locations difficult. The attachment of a wing skin to a wing rib, for example, 
requires the following steps: (1) drill guide hole in desired location in wing rib, (2) 
offer up wing skin to rib, (3) drill second guide hole in skin from inside of wing 
structure using guide hole in rib for alignment, (4) drill through aligned guide holes 
from outside with larger diameter bit to obtain final rivet hole. 

In order to simplify this procedure the method steps of the characterising part of 
claim 1 are foreseen. By means of these features, the position and orientation of a 
portion of the surface of the first part (e.g. the outer surface of the wing skin) is 
determined, the assembly point on the first part (e.g. where to drill in outer surface 
of wing skin) being calculated as the intersection of this surface with a 
predetermined vector extending from the assembly location on the second part 
(e.g. guide hole in rib). 

The addition of these method steps obviates the need for the above-mentioned 
cumbersome step (3). 

None of the prior art shows or suggests simplifying an assembly procedure by 
means of these steps, even in the general terms of claim 1 . The subject-matter of 
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claim 1 therefore involves an inventive step (Article 33(1) and (3) PCT. 

2. Claim 2: 

2.1 Independent claim 2 includes all the features of claim 1 and therefore also meets 
the requirements of Article 33(1 )-(3) PCT. 

3. Claims 3-11: 

3.1 Claims 3-1 1 are dependent on claims 1 or 2 and as such also meet the 
requirements of the PCT with respect to novelty and inventive step. 

4. Claims 12 and 13: 

4.1 Properly fomnulated claims 12 and 13 relating to a computer program refer back to 
claims 1-11 and therefore also meet the requirements of the PCT with respect to 
novelty and inventive step. 

5. Industrial applicability is evident for all claims (Article 33(1) and (4) PCT). 
Point Vli 

1 . Regarding the description: 

1.1 There seems to a degree of inconsistency in the part of the description relating to 
surface 40a of the first part and the plane 43: 

According to lines 21-22 on page 9 the plane 43 is "offset from the wing skin 
surface 40a". It is not clear how the plane 43 can be regarded as "defining the 
outside surface of the wing skin 40" (page 10, lines 22-23) when the plane 43 is 
offset from the wing skin surface. 

According to lines 30-31 on page 9 the equation of the plane 43 is compared to 
the equation defining the plane 3 of the supporting surface of the rib foot 1 . 
According to the next two lines these "two planes should be parallel" and "offset 
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by the thickness of the wing skin", if correctly offered up for fixing. This seems to 
be inconsistent with the preceding parts of the description, and with Figure 4, 
according to which the plane 43 is offset fronn the plane 3 by the thickness of the 
wing skin and the radius (r) of the retro-reflector (22). 

According to line 1 1 on page 10 the vector is "normal to the local surface of the 
wing skin; i.e the plane 43\ However, according to (for example) line 21 on page 
9 and to Figure 4, the surface 43 is o/feef from the wing skin surface, and the local 
surface of the wing skin would appear to have the reference sign 40a. 

2. Reference signs (Rules 6.2(b) and 10.2 PCT): 

2.1 In Figure 3 the reference signs "1c" and "Id" are incorrectly located 

2.2 The use of the reference signs 42a, 42b, 42c and 43 in the sixth line of claim 1 
and in the ninth line of claim 2 does not seem to be appropriate. The object of 
carrying out a measurement by means of the points 42a, 42b and 42c would 
seem to be the definition of the portion of the surface 40a of the first part; not the 
definition of the offset surface 43. Moreover, the radius of the retro-reflectors 22 is 
also important in measuring this portion of the surface. The passages should have 
read: 

"measuring (22, 42a, 42b, 42c) a portion of a surface (40a) of the first part..." 
Point VIII 

1 . Claim 1 is unclear in the following respects (Article 6 PCT): 

1 .1 The meaning of the expression "in respect of" in the fourth line of claim 1 is not 
clear. 

For the purposes of the examination with respect to the prior art in Point V, 2 
above, the fourth and fifth lines of claim 1 have been interpreted as reading "... an 
assembly location (la, lb, 1c, Id) on the second part...". 
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1 .2 The exact location of the assembly point is not clearly defined in claim 1 . 

For the purposes of the examination with respect to the prior art in Point V, 2 
above, the seventh line of claim 1 has been interpreted as reading "..spaced and 
facing away from...". 

1 .3 The last paragraph in claim 1 relating to the calculation of the assembly point is 
unclear in its entirety. In particular, the use of the expression "where" in the first 
line of this paragraph seems to indicate that the subsequent steps are 
independent of the calculation process, thereby leaving it unclear how the 
calculation is to be effected. 

For the purposes of the examination with respect to the prior art in Point V, 2 
above, the last paragraph of claim 1 has been interpreted as reading: 

"calculating the assembly point on the surface of the first part, where the 
assembly point being tlie point on the surface of the first part whicli is intersected 
by a predetermined vector passing b e twe e n from the determined assembly 
location and tfirougli the surface of the first part; and," 

2. Claim 2 is unclear in the following respects (Article 6 PCT): 

2.1 The word "which" in the first line of claim 2 could relate to the assembly point as 
well as to the first part; this rendering claim 2 unclear. 

For the purposes of the examination with respect to the prior art in Point V, 2 
above, the first and second lines of claim 2 have been interpreted as reading: 

"...through \A/hich assembly point the first part is to be..." 

2.2 Points 1 .1-1 .3 also apply to claim 2 and the same interpretations have been 
made. 


Form PCT/Separate Sheet/409 (Sheet 4) (EPO-April 1997) 


